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S-6 Table 3 Table 4 . Crystal Data and Structure Refinement for 2 S-10 Table 5 . Atomic Coordinates and Equivalent Isotropic Displacement Parameters for 2 S-12 Table 6 . Bond Lengths and Angles for 2 S-18 Table 7 . Anisotropic Parameters for 2 P NMR chemical shifts were referenced to external hexafluorobenzene (δ = -165 ppm) and phosphoric acid (δ = 0 ppm), respectively. Emission spectra were recorded on a Spex Fluorolog-2 spectrofluorometer. Excitation for the luminescence lifetime experiments employed 8 ns pulses (at a repetition rate of 10 Hz) from a frequency-tripled Nd 3+ :YAG laser (Quanta Ray Pro, Spectra Physics). The luminescence was dispersed through a monochromator (Instruments SA DH-10) onto a photomultiplier tube (PMT) (Hamamatsu R928). The PMT current was amplified and recorded with a transient digitizer (Tektronix) . UV-vis measurements were taken on a Cary 50 UV/Vis Spectrophotometer using a 1 cm quartz cell or 500 UV/Vis/NIR Spectrophotometer using either a 2 cm or 1 cm quartz cell sealed with a Teflon stopper.
S-20
Synthesis of Lithium Diisobutylphosphide. In a 500 mL Erlenmeyer flask diisobutylphosphine (25 g, 0.171 mol) was dissolved in 200 mL of petroleum ether and cooled to -80ºC, at which time at 1.6 M solution of n butyl lithium in hexane (107 mL, 0.171 mol) was added over 20 min. The reaction was then stirred at ambient temperature for 24 h, concentrated in vacuo to ca. 50 mL, and the white solids were then collected on a sintered-glass frit. Washing of the solids with petroleum ether afforded a single phosphorous containing product (21.1 g, 81%) as by 31 P NMR upon drying. Synthesis of Bis(2-(diisobutylphosphino)phenyl)amine, 1. In a 250 mL sealable reaction bomb, a 1.6 M n butyl lithium solution (7.9 mL, 12.6 mmol) in hexanes was added dropwise to a solution of bis(2-fluorophenyl)amine (2.46 g, 12.0 mmol) in THF (20 mL). After stirring for 15 min, the solution was concentrated in vacuo to remove the majority of the reaction volatiles after which time a solution of lithium diisobutylphosphide (5.47 g, 36 mmol) in THF (40 mL) was added and the vessel was sealed with a Teflon plug. The reaction was heated at 45ºC for 4 days and was monitored by 19 F NMR for the complete disappearance of the aryl fluoride resonance. The reaction was then quenched with methanol (5 mL) and the solution became yellow in color. Petroleum ether (50 mL) was added and the mixture was filtered twice through Celite to remove solids. Removal of the solvent in vacuo afforded an orange oil which was diluted in petroleum ether (30 mL) and flashed through two plugs of silica gel in a 60 mL sintered-glass frit. Evaporation of the solvent under reduced pressure afforded a spectroscopically pure, pale green oil (4.10 g, 75 %).
1 H NMR(300. 8, 131.8, 129.4, 128.0, 121.0, 119.3, 116.7, 39.4, 26.6, 24.7, 24.3 6, 132.4, 131.2, 128.7, 128.1, 118.6, 42.3, 36.2, 26.3, 25.3 : C, 72.55; H, 9.57; N, 3.02. Found: C, 73.21; H, 9.43; N, 3. 14.
Synthesis of {(PNP)Cu} 2 , 2: A solution of [1]Li (1.0 g, 2.16 mmol) in diethyl ether (20 mL) was added to a slurry of CuBr⋅S(CH 3 ) 2 (0.466 g, 2.27 mmol) in ether (30 mL) and stirred for 12 h. The solvent was removed in vacuo and the resultant yellow solids were dissolved in petroleum ether (50 ml) and filtered to remove insoluble materials. Removal of petroleum ether and drying the yellow solids in vacuo afforded analytically pure material (1.04 g, 92%). Crystals suitable for X-ray diffraction were obtained both by slow-evaporation of a petroleum ether solution of 2. 4, 131.8, 130.5, 128.7, 125.2, 117.8, 40.2, 36.4, 26.3, 26.2, 26.0, 25.7, 25.4, 25 
Quantum yield experiments
A volumetric solution of 2 (10 µM) in either cyclohexane (n = 1.426) 2 or tetrahydrofuran (n = 1.407) 2 was prepared in a nitrogen-filled glovebox. Three cuvettes (1 cm path) were charged with this solution, sparged briefly with argon , and sealed with a greased ground-glass stopper. The absorption spectra were acquired both before and after fluorescence measurements to ensure the sample was not degrading. A solution of fluorescein in an aqueous 0.1 N NaOH solution was prepared and sparged with argon, the concentration was adjusted such that the optical density (OD) at 440 nm was the same as that of the individual solutions of 2. Fluorescent measurements were performed with λ ex = 440 nm at 298 K and corrected for detector response. The area under the curve of the emission spectrum was determined using standard trapezoidal integration methods. Quantum yields (table 1) were then calculated by the methods described by Demas and Crosby 3 using eqn. 1.
(eqn. 1) Q = (Q R )(I / I R )(OD R / OD)(n 2 / n R 2 ) Q: quantum yield of the sample. Q R :
quantum yield of fluorescein in aqueous 0.1 N NaOH solution (Q R =0.9). I: integrated intensity of 2.
integrated intensity of fluorescein sample. OD R : optical density of the fluorescein sample in absorption units. OD: optical density of 2 in absorption units. n:
index of refraction of the solvent in which 2 was dissolved. n R :
index of refraction of 0.1N NaOH solution (n R = 1.3351), measured on a Bausch & Lomb refractometer. 
Lifetime measurements.
A solution of 2 (10 µM) in either cyclohexane or tetrahydrofuran was prepared in a nitrogen filled glovebox. The cuvettes (1 cm path) were charged with this solution, sparged briefly with argon, and sealed with a greased groundglass stopper. The absorption spectra were acquired both before and after the fluorescence measurements to ensure the sample was not degrading. Fluorescent measurements were performed with λ ex =460, λ em = 510 nm at 298 K . A 500 nm low-pass filter was placed in front of the PMT in order to eliminate noise due to scattered laser light. The emission decay was averaged over 50 laser pulses and fit to an exponential function from which k obs was determined (see Table 2 ). Graph 1: Fit of the excited-state decay with residuals for Entry 4, Table 2 .
Time-resolved luminescent quenching experiments.
A solution of 2 (20 µM) in tetrahydrofuran was prepared in a nitrogen-filled glovebox. Two cuvettes (1 cm path) were charged with 2 mL of this solution, sparged briefly with argon , and sealed with a rubber stopper. The initial emission decay of 2 in each cuvette was measured with λ ex = 440 nm and λ em = 500 nm prior to the introduction of the quencher. A solution of 2,6-dichloroquinone (DCQ) (10 mM) was then sequentially added to the cuvettes via syringe in volumes listed in Table 3 , and the emission decay was measured. The combined data from the two runs is plotted in Graph 1, and a first order rate constant of 1.2⋅10 10 M -1 s -1 was determined for the emission quenching. 
Special Refinement Details
Refinement of F 2 against all reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on all data will be even larger. Several carbon atoms of the isobutyl groups were satisfactorily modeled by assuming a partial population over two sites. Table 5 . Atomic coordinates ( x 10 4 ) and equivalent isotropic displacement parameters (Å 2 x 10 3 ) for 2. U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. ________________________________________________________________________________ x y z U(eq) ________________________________________________________________________________ Cu (1) 974 (1) 7198 (1) 5954 (1) 18(1) Cu (2) 93 (1) 7730 (1) 6543 (1) 17(1) N (2) 1001 (2) 7392 (2) 6856 (2) 18(1) N (1) 81 (2) 7466 (2) 5661 (2) 15(1) P (1) 1801 (1) 7798 (1) 5842 (1) 19(1) P (2) -366 (1) 7084 (1) 7143 (1) 18(1) P (3) 0 (1) 8718 (1) 6275 (1) 18(1) P (4) 760 (1) 6218 (1) 5705 (1) 20(1) C (1) 1494 (2) 7805 (2) 6981 (2) 22(1) C (2) 1900 (2) 8043 (2) 6572 (2) 20(1) C (3) 2366 (2) 8464 (2) 6716 (2) 27(1) C (4) 2459 (3) 8646 (3) 7265 (2) 39(2) C (5) 2074 (3) 8395 (3) 7677 (3) 45(2) C (6) 1609 (3) 7992 (3) 7539 (2) 35(1) C (7) 916 (2) 6918 (2) 7260 (2) 18(1) C (8) 327 (2) 6705 (2) 7422 (2) 17(1) C (9) 274 (2) 6233 (2) 7827 (2) 22(1) C (10) 783 (2) 5970 (2) 8083 (2) 25(1) C (11) 1365 (3) 6176 (3) 7923 (2) 30(1) C (12) 1432 (2) 6633 (3) 7517 (2) 30(1) C (13) -2(2) 8602 (2) 5517 (2) 19(1) C (14) 31 (2) 7991 (2) 5308 (2) 18(1) C (15) 32 (2) 7910 (2) 4715 (2) 20 (1) (50) 631 (3) 9294 (2) 6353 (2) 28(1) C (51) 628 (4) 9762 (5) 6795 (4) 35(3) C (52) 896 (7) 9408 (7) 6962 (7) 30(5) C (53) 535 (4) 9520 (4) 7392 (3) 61(2) C (54) 1287 (5) 10078 (6) 6806 (5) 125(5) C (55) 721 (2) 5557 (2) 6198 (2) 26(1) C (56) 1323 (3) 5367 (3) 6505 (3) 39(2) C (57) 1820 (3) 5098 (3) 6132 (3) 54(2) C (58) 1152 (4) 4902 (3) 6967 (3) 53(2) C (59) 1060 (2) 5845 (2) 5060 (2) 27(1) C (60) 977 (4) 6204 (3) 4492 (3) 51(2) C (63) 1137 (4) 5748 (4) 3993 (3) 61(2) C (64) 1342 (4) 6767 (4) 4444 (3) 60(2) ________________________________________________________________________________ S-11 (2) 2.219(4) Cu(2)-P(3) 2.2235(13) Cu(2)-P (2) 2.2241(13) N(2)-C (7) 1.412(6) N(2)-C (1) 1.416(6) N(1)-C (14) 1.410(6) N(1)- C(19) 1.412(6) P(1)-C (2) 1.829(5) P(1)-C (25) 1.849(5) P(1)-C (29) 1.863(5) P(2)-C (8) 1.828 (5) 103.0
108 . (2) 19 (1) 17 (1) 16 (1) 5(1) 2(1) 0(1) N (2) 17 (2) 20 (2) 16 (2) 3(2) -4(2) -6(2) N (1) 16 (2) 14 (2) 14 (2) 3(1) -4(2) 0(2) P (1) 16 (1) 25 (1) 18(1) -3(1) 4(1) -5(1) P (2) 14 (1) 20 (1) 20 (1) 7(1) 0(1) -3(1) P (3) 24 (1) 14 (1) 15 (1) 1(1) -2(1) 0(1) P (4) 15 (1) 14 (1) 31 ( (5) 52 (4) 56 (4) 27(3) -13(3) 5(3) -34(3) C (6) 39 (3) 43 (3) 24(3) -5(2) 11(2) -24(3) C (7) 19 (2) 19 (2) 17 (2) 2(2) -5(2) -4(2) C (8) 18 (2) 14 (2) 19 (2) 0(2) -1(2) -3(2) C (9) 25 (2) 17 (2) 23 (2) 5(2) -3(2) -7(2) C (10) 34 (3) 20 (2) 22 (2) 5(2) -6(2) -1(2) C (11) 28 (3) 34 (3) 27(3) 9(2) -14(2) 2(2) C (12) 18 (2) 36 (3) 35 (3) 10(3) -8(2) -8(2) C (13) 21 (2) 18 (2) 19 (2) 2(2) 2(2) -2(2) C (14) 17 (2) 16 (2) 20 (2) 5(2) -3(2) -2(2) C (15) 20 (2) 18 (2) 21 (2) 2(2) 4(2) -2(2) C(16) 35(3) 26(3) 14(2) 4(2) 4(2) -4(2) C(17) 46(3) 23(3) 22(3) 14(2) 1(2) -4(2) C(18) 39(3) 18(2) 27(3) 4(2) -1(2) -3(2) C(19) 16(2) 16(2) 13(2) 4(2) -1(2) -1(2) C(20) 17(2) 17(2) 22(2) 2(2) -1(2) -1(2) C (21) 19 (2) 16 (2) 34(3) 0(2) -7(2) -1(2) C (22) 22 (2) 21 (2) 27(3) -2(2) -5(2) -8(2) C (23) 16 (2) 26 (2) 16(2) 0(2) -1(2) 0(2) C (24) 19 (2) 18 (2) 18(2) 1(2) 1(2) 2(2) C (25) 16 (2) (42) 33 (11) 23 (10) 54 (14) -16(9) 1(9) -2(8) C(44) 50 (1) 17 (1) 21(2) -3(2) -5(2) 7(2) C (47) 27 (4) 33 (4) 204 (12) 21 (5) 32 (5) 11 (3) S-18 (50) 35 (3) 22 (3) 26 (3) 6(2) -5(2) -8(2) C (51) 25 (5) 30 (6) 50(6) -27(5) -4(4) 10(4) C (52) 26 (8) 20 (8) 45 (9) -10(6) -4(6) -4(6) C (53) 63 (5) 89 (6) 32 (4) -18(4) -15(3) -17(4) C (54) 109 (8) 157 (11) 110 (8) -103 (8) 42 (7) -97(8) C(55) 27 (3) 17 (2) 33(3) -1(2) -9(2) 4(2) C (56) 49 (4) 21 (3) 48(4) -3(3) -26(3) 6(3) C (57) 34 (3) 38 (4) 89 (6) 2(4) -29(4) 13(3) C (58) 79 (5) 30 (3) 51 (4) 7(3) -28(4) 14(3) C (59) 23 (3) 17 (2) 42(3) -3(2) 4(2) 4(2) C (60) 63 (4) 29 (3) 60 (4) 11 (3) 40 (4) 13(3) C (63) 78 (6) 56 (5) 49 (4) -1(4) 3(4) -5(4) C (64) 66 (5) 64 (5) 51 (5) -2(4) 1(4) -8(4) ______________________________________________________________________________ S-19
